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Description

[0001] The present invention relates to a radio equip-
ment of portable type, particularly to a radio equipment
of portable type made in one unit with an antenna and
capable of reducing the influence of the things around
the antenna upon the characteristics of the antenna.
[0002] Recently, aradio equipment or terminal of port-
able type has become thinner and more compact. A radio
equipment of portable type should be at present very
easy to carry with. Therefore, thin and compactness of
the equipment is very important features.

[0003] On the other hand, there is a problem that a
human body affects an antenna mounted on radio equip-
ment. A human body absorbs and scatters a radio wave
of the frequency used in the radio equipment of portable
type. Further, a human body fluctuates the antenna im-
pedance used nearby. Generally, in respect of a high
frequency band, a human body acts as dielectric media
with a permittivity of 50 or higher. Consequently, ahuman
body deteriorates the radiation characteristics of an an-
tenna.

[0004] In addition, as the radio equipment of portable
type becomes thin and compact, an antennais positioned
closer to the ear of the equipment user. This closer dis-
tance to the ear makes deterioration of the antenna char-
acteristics more serious.

[0005] The inventors of the present invention meas-
ured the influence of a human body on the deterioration
of the antenna characteristics, and obtained the results
as shown in FIG. 1. The experiment used a radio equip-
ment of portable type of 2 GHz and measured the influ-
ence of a human body on the antenna. FIG. 1 shows the
deterioration of the antenna gain caused by the imped-
ance fluctuation while the radio equipment is being op-
erated, taking the equipment thickness as a parameter.
As seen from FIG. 1, when the equipment thickness be-
comes thinner than 20 mm, the possibility of contacting
the ear to the antenna increases, and when the antenna
comes in contact with the ear, the antenna gain is largely
deteriorated.

[0006] As mentioned above, the cause of this deterio-
ration is the fluctuation in the antenna impedance due to
the influence of a human body. A-human body has a very
high dielectric constant. Thus, when the antenna is ap-
proached to a human body, the electrical length of the
antenna is regarded as to be equivalently long. In this
case, the antenna resonance frequency deviates from a
desired value, and the antenna impedance changes ac-
cordingly.

[0007] Therefore, even if the antenna impedance is
adjusted to the optimum level in the radio equipment of
portable type itself, the antenna impedance will shift from
the optimum value when it is brought close to a human
body.

[0008] Further, when the antenna impedance is dete-
riorated, the transmission power of the radio equipment
of portable type may be lowered. This problem will be
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explained hereinafter.

[0009] To radiate a radio wave from an antenna, the
antenna must be powered first of all. The optimum con-
dition to power the antenna is that the impedance of a
feed line is the same value as the impedance of that
antenna.

[0010] When the antenna impedance changes from
the optimum value, the power supplied through the feed
line is reflected by the input end of the antenna and re-
turned to a transmitting amplifier. Therefore, the power
outputted from the amplifier to the antenna is reduced.
[0011] Moreover the reflected power deteriorates the
amplifier performance, such as gain and operation effi-
ciency, and causes deterioration of the transmission per-
formance of the radio equipment itself.

[0012] As a means of solving this problem, a method
of examining the reflection coefficient between the am-
plifier and antenna has been proposed. This proposal
includes the power amplifier disclosed by Jpn. Pat. Appln.
KOKAI Publication No. 10-341117. This conventional
power amplifier detects the current consumption in the
power amplifier and the power reflected by an antenna,
and supplies these detected signals to the control circuit.
This control circuit sends a control signal to a variable
phase snifter based on the both detected signals, and
corrects phase shifts occurred between the power am-
plifier and antenna.

[0013] Since this prior art power amplifier corrects only
phase shifts, the evaluation quantity changing range is
narrow and the phase shifts can be corrected by meas-
uring the evaluation gquantities. However, if a shift has
two vectors, that is, the phase and amplitude directions
of a reflection coefficient, as in the antenna of a cellular
phone, the correction becomes difficult by only the above
two evaluation quantities. Moreover, the antenna imped-
ance must be checked even while communication is not
made. Otherwise, communication has to be started in
bad conditions, causing a communication failure. In the
radio equipment of portable type, it is resulted from the
high probability of changing the surrounding conditions
upon start of communication. For example, when a call
comes in standby mode, a mobile terminal is taken out
from a pocket, held by hand, set to conversation mode,
and attached to a head. The conditions around the an-
tenna are changed three times in a very short time.
[0014] The above-mentioned conventional method
can check the impedance only while communication is
being made in some types of the system. In the CDMA
system, for example, only an incoming call can be ac-
cepted in standby mode, and the above-mentioned op-
eration is impossible. Sending a radio wave unnecessar-
ily except when making communication causes troubles
in other systems, and is controlled by the Radio Law.
[0015] EP 1 093 272 describes a transmitter and re-
ceiver designed to compensate for load fluctuations
which induce mismatching of impedance between an an-
tenna and a transmission signal path.

[0016] US 5564 086 describes a method and appara-
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tus for enhancing characteristics of a linear transmitter
which operates under varying antenna loads without hav-
ing to use an isolator.

[0017] EP 0404 150 describes a circuit arrangement
which compensates for mistuning of the antenna reso-
nant circuit.

[0018] EP 0459440 describes atransmitter apparatus
which has a variable impedance circuit to allow the im-
pedance to be changed in response to the battery volt-
age.

[0019] US 4 965 607 describes an antenna coupler
with an adjustable impedance for use in high frequency
swept antenna systems.

[0020] As explained above, there is a problem in the
conventional radio equipment of portable type. Antenna
characteristics are deteriorated by bad matching be-
tween a transmitter and an antenna, caused by the sur-
rounding conditions, particularly coming close to a hu-
man body.

[0021] An object of the present invention is to provide
a radio equipment of portable type capable of making
good communication, which has a circuit configuration
matched with an antenna without an influence of an am-
bience around the antenna.

[0022] According to an aspect of the invention, there
is provided a radio communication equipment as recited
in Claim 1.

[0023] According to a still further aspect of the inven-
tion, there is provided a method as recited in Claim 10.
[0024] The invention can be more fully understood
from the following detailed description when taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a graph showing the relation between the
thickness of a mobile phone and the mismatching
loss of an antenna;

FIG. 2 is a block diagram showing schematically a
circuit configuration of a radio equipment of portable
type according to one embodiment of the present
invention;

FIG. 3 is a flow chart showing the operations of the
radio equipment of portable type shown in FIG. 1;
FIG. 4 is another flow chart showing the operations
of the radio equipment of portable type shownin FIG.
1

FIG. 5 is a block diagram showing schematically a
circuit configuration of a radio equipment of portable
type according to another embodiment of the present
invention;

FIG. 6 is a block diagram showing the exemplary
structure of the receiving circuit shown in FIG. 5;
FIG. 7 is a flow chart showing the operations of the
radio equipment of portable type shown in FIGS. 5
and 6;

FIG. 8 is block diagram showing schematically a cir-
cuit configuration of a radio equipment of portable
type which does notinclude both the first and second
transmitting circuits of the claimed invention, by way
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of example;

FIG. 9 is a block diagram showing schematically a
circuit configuration of a radio equipment of portable
type according to a further embodiment of the
present invention; and

FIG. 10 is a block diagram showing schematically
the circuit of a radio equipment of portable type ac-
cording to a yet further embodiment of the present
invention.

[0025] There will be described embodiments of the
present invention with reference to the accompanying
drawings. FIG. 2 is a block diagram showing a radio
equipment of portable type according to one embodiment
of the present invention.

[0026] AsshowninFIG. 2, an antenna 101 is connect-
ed to a matching circuit 102 having the function of match-
ing the impedance of an antenna. The matching circuit
102 is connected to a changeover switch 103. One end
of the changeover switch 103 is connected to a reflection
phase detector 104 for detecting the phase of the reflec-
tion signal reflected by the antenna, and the other end is
connected to a transmitter-receiver 105 for generating a
transmitting signal.

[0027] The transmitter-receiver 105 is connected to a
power supply 107 through an ammeter 106 for detecting
the current value of the supply power. A control-circuit
108 is connected to the reflection phase detector 104
and ammeter 106, receiving a phase signal and a current
signal detected by the detector 104 and ammeter 106.
The control circuit 108 sends a control signal to the
matching circuit 102 and changeover switch 103, con-
trolling these circuits.

[0028] Here, the matching circuit 102, comprising an
inductance and a variable capacitance element, can
change the impedance value of the antenna 101 when
the variable capacitance element is varied by the control
signal from the control circuit 108.

[0029] The reflection phase detector 104, containing
a transmitting circuit (not shown), measures what extent
the antenna 101 changes the phase of the signal trans-
mitted from the inside transmitting circuit (not shown), by
receiving the signal reflected by the antenna. As already
described, the reflection signal from the terminal of the
antenna 101 is changed by the circumstances around
the antenna 101. This change in the reflection signal is
as already explained with the prior art is generated based
on the antenna impedance change, and can be consid-
ered equivalent to the impedance change. Therefore, if
the correlation between the reflection phase Sp and the
state of the antenna 101 is previously examined, it is
possible to know the state of the antenna by the value of
the reflection phase Sp from the antenna 101. It is also
possible to determine the method of adjusting the match-
ing circuit 102 by the measured reflection phase Sp, in
order to return the reflection phase Sp to a reference
level. Namely, by detecting the reflection signal from the
antenna 101, the impedance of the antenna 101 can be
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estimated. If the value of the variable capacitance ele-
ment of the matching circuit 102 is changed based on
the impedance of the antenna 101, the transmission pow-
er can be held optimum.

[0030] The power supply circuit 107 powers the trans-
mitter-receiver 105. The supplied power is modulated
based on the digital data signal, e.g., audio and video
signals, sent from a data signal generator (not shown),
and it is converted also to a transmission frequency,
thereby a transmitting signal is generated and transmit-
ted from the antenna 101. The antenna 101 transmits a
transmitting signal into the air, but a part of the signal
returns to the transmitter-receiver 105 as a reflected
wave. The reflection quantity of this reflected signal
changes depending on the impedance value of the an-
tenna 101.

[0031] The impedance of the antenna 101 is changed
by the circumstances surrounding the antenna, and the
returned reflection signal is also changed. This reflection
signal changes the gain and efficiency of the transmitting
amplifier in the transmitter-receiver 105. Therefore, the
fluctuation in this reflection signal causes a fluctuation in
the current consumption of the transmitter-receiver 105.
An ammeter 106 measures the fluctuation in the current
consumption, and a current level Sl is sent to the control
circuit 108. The value of this current level Sl is closely
related to the situation in which the antenna is placed.
Therefore, the current level S| can be used as an evalu-
ation function for adjustment of the matching circuit.
[0032] The signal received by the antenna 101 is sup-
pliedtothe transmitter-receiver 105 through the matching
circuit 102 and changeover switch 103. Processing of
the received signal is equivalent to ordinary processing
of a mobile terminal or at a base station, and detailed
explanation will be omitted.

[0033] There will now be described the operations of
the control circuit 108 with reference to the flow chart of
FIG. 3.

[0034] First, receiving the control signal from the con-
trol circuit 108, the movable contact of the switch 103 is
connected to a first fixed contact Sa, setting a phase de-
tection mode to detect the phase of the reflection signal
(step S1). Next, the transmitting circuit (not shown) of the
phase detector 104 sends a phase detection signal to
the control circuit 108, detecting the phase Sp of the re-
flection signal from the antenna 101 (step S2).

[0035] Next, the movable contact of the switch 103 is
connected to a second fixed contact Sb, setting a current
detection mode for detecting a transmission current (step
S3). Therefore, the transmission power is supplied to the
transmitter-receiver 105, the transmitting signal is sup-
plied from the transmitter-receiver 105 to the antenna
101, and the ammeter 106 detects the current level Sl of
the power supplied to the transmitter-receiver 105 (step
S4). The phase Sp and the current level Sl of this reflec-
tion signal are given to the control circuit 108, where Sp
and Sl are compared to the reference values Sp0 and
SI0 (step 55). The reference values Sp0 and SI0 are pre-
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viously measured under the condition where the antenna
101 is not being close to the surrounding things, and the
measurement value is stored in the storage circuit. When
the phase Sp and current level S| are deviated from the
previously determined reference values Sp0 and SIO, re-
spectively, the matching circuit 102 is adjusted. (Step S6)
After this adjustment, the phase Sp and current value Sl
of the reflection signal will be measured in the same way,
and the evaluation of these two values will be repeated.
The adjustment and measurement will be repeated until
the values of Sp and Sl reach the reference values Sp0
and SIO0, respectively. When the values of Sp and Sl
reach the reference values Sp0 and SIO, respectively,
communication will be started in transmitting/receiving
mode by utilizing the transmitter-receiver 105 (step S7).
[0036] Since communication is started after the anten-
na impedance is set to the optimum level, as described
above, the influence of the circumstances upon the mo-
bile terminal operation is eliminated and communication
can be started in an optimum state.

[0037] Next, another control method in the circuit
shown of FIG. 2 will be explained with reference to the
flow chart shown in FIG. 4. First, the movable contact of
the switch 103 is connected to a fixed contact Sa by the
control signal from the control circuit 108, and phase de-
tection mode is set to detect the phase of the reflection
signal (step S11). Next, a transmitting signal is transmit-
ted from the transmitting circuit (not shown) in the phase
detector 104. the reflection signal from the antenna 101
is detected, and the phase Sp of the reflection signal is
detected (step S12).

[0038] Next, a method of adjusting the matching circuit
102 is determined based on the value of the detected
phase Sp (step S13). In step 13, when comparing the
current level Sp to the reference value Spa, the method
of adjusting the capacitance element of the matching cir-
cuit depending on the phase shift value Sp, that is, wheth-
ertoincrease or decrease the capacitance is determined.
When the phase Sp of the reflection signal is largely shift-
ed depending upon the design of the amplifier which com-
prises the transmitter-receiver, the value of the capaci-
tance element of the matching circuit is increased or de-
creased to approximate the value Sp to the reference
value. Whether to increase or decrease the capacitance,
is determined.

[0039] After the adjustment method is determined, the
movable contact of the switch 103 is connected to a sec-
ond fixed contact Sh, and phase detection mode is set
to detect the phase of the reflection signal (step S14).
Next, the current level Sl is detected by the ammeter 106
(step S13). The current level Sl is compared to the ref-
erence value SIO (step S16). This reference value SIQ0 is,
as explained above, is previously measured under the
condition where the antenna 101 is not close to the sur-
rounding things, and the measurement value is stored.
[0040] When the current level Sl is shifted from the
reference value SI0, the matching circuit 102 is adjusted
(step S17). Measurement of the current value Sl and
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evaluation will be repeated until the currentlevel Sl reach-
es the reference value SI0. When the current level SI
reachesthe reference value, communication will be start-
ed in transmitting/receiving mode by utilizing the trans-
mitter-receiver 105 (step S18).

[0041] Therefore, in such control, only the current val-
ue Sl is used as an evaluation function for adjusting the
matching circuit 102. Accordingly, the time required by
the adjustment can be reduced. As explained hereinbe-
fore, the above-mentioned embodiment improves the
communication performance of a mobile terminal when
an antenna comes close to the surrounding things includ-
ing a human body. FIG. 5 shows the configuration of the
phase detector 104 of a radio equipment of portable type
shown in FIG. 2. The blocks except the phase detector
104 are the same as those in FIG. 2, and the explanation
thereof will be omitted.

[0042] As shown in FIG. 5, the phase detector 104 is
provided with a transmitting circuit 104-1 which transmits
a signal for measuring the phase of the reflection signal,
and areceiving circuit 104-2 which receives the reflection
signal as a reflected wave reflected by the antenna 101.
The transmitting circuit 104-1 and the receiving circuit
104-2 are connected to a circulator 104-3. The circulator
104-3 is connected to a switch 103 through a delay line
104-4.

[0043] The transmitting circuit 104-1 and the receiving
circuit 104-2 include a phase modulator/demodulator.
The circulator 104-3 sends the transmitting signal Si from
the transmitting circuit 104-1 to the receiving circuit
104-2, sends the transmitting signal generated-from the
transmitting circuit 104-1 to the antenna 101 through the
delay line 104; and supplies the reflection signal reflected
by the antenna 101 to the receiving circuit 104-2 through
the delay line 104-4. Namely, the circulator 104-3 selec-
tively supplies the receiving circuit 104-2 with the trans-
mitting signal from the transmitting circuit 104-1 and the
reflection signal from the antenna 101. Further, the delay
line 104-4 uses an element such as an acoustic surface-
wave filter 10 to give a relatively long delay to the trans-
mitting signal going to the antenna 101 and the reflection
signal coming from the antenna.

[0044] The receiving circuit 104-2 has the structure as
shown in FIG. 6. The receiving circuit 104-2 includes a
demodulator 104-2A which detects the transmitting sig-
nal or the reflection signal from the circulator 104-3, and
demodulates them. The phase of the transmitting signal
or the reflection signal demodulated by this de modulator
104-2A is stored as phase data in the storage circuit
104-2B. The stored phase data of the demodulated trans-
mitting signal and reflection signal is sent to the compa-
rator 104-2C, where the phase-difference between the
two signals is detected. The detected phase-difference
signal is supplied to the control circuit 108.

[0045] Description will now be given on the operations
of the receiving circuit 104 and the control circuit 108
which have the phase detection function shown in FIG.
5 and FIG. 6, with reference with the flow chart of FIG.
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7. In afirst step, the phase is detected in free space of
the antenna 101 in order to determine a reference value
of the phase. The following operations are executed un-
der the condition where no things come close to the an-
tenna.

[0046] First, the movable contact of the switch 103 is
connected to the fixed contact Sa by the control signal
from the control circuit 108, and phase detection mode
is set to detect the phase of the reflection signal (step
S21). Next, a transmitting signal is transmitted from the
transmitting circuit 104-1. At this time, the signal is non-
modulated, and the pulse width is fixed to be 1/2 or lower
than the delay time of the delay line 104-4.

[0047] The circulator 104-3 is previously adjusted, so
that a part of the transmitted signal, that is, the transmit-
ting signal S1is sent directly to the receiving circuit 104-2
and the remainder, that is, the transmitting signal S2 is
sent to the delay line 104-4. The receiving circuit 104-2
detects and demodulates the transmitting signal S1, and
collects the phase data p1 of that signal, and starts meas-
uring the time passing after the start of receiving the
transmitting signal S1 (step S23)

[0048] The transmitting signal S2 sent to the delay line
104-4 is transmitted to the antenna 101 through the delay
line 104-4, the switch 103 and the matching circuit 102.
The transmitting signal is reflected by the antenna 101
according to the impedance difference between the an-
tenna 101 and the matching circuit 102. This reflected
signal S2 is returned to the circulator 104-3 through the
matching circuit 102, the switch 103 and the delay line
104-4. The reflected signal is applied to the receiving
circuit 104-2 by the circulator 104-3. The receiving circuit
104-2 detects and demodulates the reflected signal S2,
thereby obtaining the phase data P2 of the reflected sig-
nal S2 (step S24).

[0049] To confirm the reflected signal S2, the time
measured after reception of the transmitting signal S1 is
used. Namely, the back-and-fourth delay time given by
the delay line 104-4 is previously measured. The input
signal to be received after that delay time is judged to be
the reflection signal S2 reflected by the antenna. As the
signal 52 is delayed by the delay line 104-4, interference
will not occur between the transmitting signal S| and the
reflection signal S2.

[0050] The comparator 104-2C compares the phase
data P1 of the transmitting signal S1 with the phase data
P2 of the reflection signal S2, and sends the phase-dif-
ference data P to the control circuit 108. The control cir-
cuit 108 stores in the memory this phase-difference data
P indicating the state of the antenna in free space as a
reference (step S25).

[0051] As described above, the reference is deter-
mined.
[0052] Next, a measurement sequence will be de-

scribed in an actual condition or environment. A method
of measuring a phase in the actual condition is the same
as the method of measuring the reference. Thus, proce-
dures in the actual phase measuring method are the
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same as that of the steps S21 to S25. Thus, description
of the procedures will be omitted.

[0053] In the actual phase measuring method, after
the step S26, the control circuit 108 compares the meas-
ured phase with the reference value.

[0054] Next, the method of adjusting the matching cir-
cuit 102 is determined based on the phase Sp of the
detected reflection signal (step S27). As already ex-
plained, this method determines a method of adjusting
the capacitance elementin the matching circuitaccording
to the phase of the reflection signal when comparing the
current value with the reference value, namely, whether
to increase or decrease the capacitance. When the
phase shift of the reflection signal is largely depending
upon the design of the amplifier which comprises the
transmitter-receiver, the value of the capacitance ele-
ment of the matching circuit is increased or decreased
to approximate the current value to the reference value.
Whether to increase or decrease the capacitance is de-
termined.

[0055] After the adjustment method is determined, the
movable contact of the switch 103 is connected to the
fixed contact Sb, and current detection mode is set to
detect the transmission current (step S28). Next, the cur-
rent level Sl is detected by the ammeter 106 (step S29).
The current level Sl is compared to the reference value
SIG (step S30). This reference value S0 is, as explained
above, is previously measured 25 under the conditions
where the antenna 101 is not close to the surrounding
things, and the measurement value is stored.

[0056] When the current level Sl is shifted from the
reference value SIO, the matching circuit 102 is adjusted
(step S31). Measurement of the current value Sl and
evaluation will be repeated until the currentlevel Sl reach-
es the reference value SI0. When the current level Si
reaches the reference value SI0, communication will be
started in transmitting/receiving mode by utilizing the
transmitter-receiver 105 (step S32).

[0057] As explained above, the communication per-
formance of a mobile terminal when a human body or
other surrounding things come close to the antenna, can
be improved.

[0058] The frequencies used by the phase detector
108 and transmitter-receiver 105 need not to be strictly
coincident. The effect of the present invention can be
obtained with the similar frequencies.

[0059] The reflection phase detector 108 preferably
uses a frequency of IMS band (2.4 GHz). With this fre-
guency, a signal to leak from the antenna 101 will not
affect other mobile terminals.

[0060] FIG. 9 shows the circuit of a radio equipment
of portable type according to a further embodiment of the
present invention. In this circuit, a common unit 110 is
used for the switch 103 in the radio equipment of portable
type shown in FIG. 2. The common unit 110 is composed
of a filter, for example. By making the frequency F1 of
the transmitting signal SF1 generated by the phase de-
tector 104 different from the frequency of the transmitting
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signal SF2 generated by the transmitter-receiver 105,
the common unit 110 is given the same function as the
switch 103. In other words, since the reflection wave gen-
erated by the phase detector 104 and reflected by the
antenna has the frequency of SF1, it is prevented from
being supplied to the phase detector 104 through the
common unit 110. Since the reflection wave generated
by the transmitter-receiver 105 and reflected by the an-
tenna has the frequency of SF2, itis prevented from being
supplied to the phase detector 104 through the common
unit 110. If a radio equipment of portable type in which
ISM band (2.4 GHz) is generated by the phase detector
104 is used, it is possible to check the antenna state of
the portable radio equipment and to adjust the matching
circuit 102 without affecting other radio equipments.
[0061] Furthermore, FIG. 10 shows a circuit configu-
ration of a radio equipment of portable type according to
yet another embodiment of the invention. In FIG. 10, a
second antenna 101-2 is provided in addition to the first
antenna 101 and a matching circuit 102 is connected
between the second antenna 101-2 and the ground, in-
stead of the matching circuit 102 connected between the
first antenna 101 and the switch 103. The second anten-
na 101-2 is so called a parasitic element, which can elec-
tro-magnetically coupled to the first antenna 101 under
the control of an impedance of the matching circuit 102.
If the first and second antennas 101, 101-2 are coupled
each other, the antenna characteristics of the first anten-
nas 101-2 are changed. Accordingly, a good radio com-
munication can be achieved with a suitable antenna char-
acteristics by matching an impedance of the matching
circuit 102 under the control of the control section 108,
as described in the same manner in the aforementioned
embodiments, even if the antenna characteristic of the
first antenna 101 shown in FIG. 10 is varied when the
first antenna 101 is approached to the human boy. The
matching circuit 102 may be located between a base or
atip portion of the second antenna 101-2 and the ground.
In this configuration, there is a advantage that the gain
is not prevented from being decreased due to the elec-
trical power loss in the matching circuit 102, because the
matching circuit 102 is not arrange between the first an-
tenna 101 and the transmitter and receiver 105.

[0062] It is apparent that although the above-men-
tioned embodiment uses a mobile terminal, the present
invention is not limited to a mobile terminal and can be
applicable to a variety of radio equipments having an
antenna, including a radio base station, for example.
[0063] Although, the above embodiments employ a
single matching circuit, which is a combination of the in-
ductor and the variable capacitor such as avaractor diode
whose capacitance is changed in accordance with an
applied bias voltage. However, the circuit of the radio
equipment may be provided with a plurality of matching
circuits each having a fixed capacitor and inductor, and
a high frequency switching circuit for switching one of the
matching circuits under the control of the control circuit
108. According to this circuit, it is possible to obtain the
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same advantage as that of the embodiments in which
the matching circuit is controlled.

[0064] In the embodiments described above, the am-
meter 106 is utilized for estimating the electric power sup-
plied to the transmitter-receiver 105, which is drive by a
relatively low and substantially constant voltage. If a var-
iable voltage drives the transmitter-receiver 105, instead
of the relatively low and substantially constant voltage,
it is required to use a power meter for measuring the
power supplied to the transmitter-receiver 105, or use
not only the ammeter for measuring a current supplied
to the transmitter-receiver 105 but also a voltage meter
for measuring the voltage applied to the transmitter-re-
ceiver 105 and calculate the power from the measured
current and voltage.

Claims
1. Aradio communication equipment comprising:

a power supply (107) configured to supply an
electric power;

a first transmitting circuit (105) configured to
generate a first transmitting signal for commu-
nicating with the other communication equip-
ment, which is energized by the power supply
(107);

a power detection circuit (106) configured to de-
tect the electric power supplied to the first trans-
mitting circuit (105) and generate a power de-
tection signal;

an antenna (101), having an antenna imped-
ance, to which the first transmitting signal is sup-
plied, and which generates an antenna reflec-
tion signal having a certain phase depending on
the first transmitting signal,

an impedance matching circuit (102), having a
variable impedance, configured to adjust the
variable impedance to match the antenna (101)
with the first transmitting circuit (105); and

a control circuit (108) configured to control the
impedance matching circuit (102) to set the var-
iable impedance depending on the power de-
tection signal;

characterized in that the radio communication
equipment further comprises:

a phase detection circuit (104) configured to
generate a phase detection signal, the phase
detection circuit (104) including

a second transmitting circuit (104-1) configured
to generate a second transmitting signal having
afirst phase, and supply the second transmitting
signal to the antenna (101), the antenna (101)
generating an antenna (101) reflection signal
having a second phase depending on the sec-
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ond transmitting signal, and

a receiving circuit (104-2) configured to receive
the second transmitting signal from the second
transmitting circuit (104-1) and the antenna re-
flection signal from the antenna (101), and de-
tect a phase-difference between the first and
second phases to generate the phase detection
signal; and

the control circuit (108) is configured to control
the impedance matching circuit (102) to set the
variable impedance depending on the phase de-
tection signal in addition to the power detection
signal.

The radio communication equipment according to
claim 1, characterized in that the radio communi-
cation equipment further comprises a selecting cir-
cuit (103) configured to select one of the phase de-
tection circuit (104) and the first transmitting circuit
(105) and connect the selected one of the phase
detection circuit (104) and the first transmitting circuit
(105) to the antenna (101), and the control circuit
(108) is configured to control the selecting circuit
(103) to receive the phase detection signal and the
power detection signal.

The radio communication equipment according to
claim 2, characterized in that the control circuit
(108) is configured to generate first and second se-
lection signals and to supply the first and second
selection signals to the selecting circuit (103), the
selecting circuit (103) being configured to connect
the antenna (101) to the phase detection circuit (104)
in response to the first selecting signal, and to con-
nect the antenna (101) to the transmitting circuit
(105, 104-1) in response to the second signal.

The radio communication equipment according to
claim 1, characterized in that the control circuit
(108) is configured to store a reference phase signal
and a reference power signal, and to adjust the im-
pedance of the impedance matching circuit (102) in
accordance with the comparison between the phase
detection signal and the reference phase signal, and
between the power detection signal and the refer-
ence power signal.

The radio communication equipment according to
claim 3, characterized in that the control circuit
(108) is configured to determine a method of adjust-
ing the impedance matching circuit (102) depending
on the comparison between the phase detection sig-
nal and the reference phase signal, and to compare
the power detection signal with the reference power
signal to set the variable impedance in the imped-
ance matching circuit (102).

The radio communication equipment according to
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claim 5, characterized in that the adjustment meth-
od corresponds to one of increasing and decreasing
the variable impedance.

The radio communication equipment according to
claim 1, characterized by further comprising a sec-
ond antenna (101-2) connected to the antenna (101),
the first and second antennas (101, 101-2) being
electro-magnetically coupled to each other.

The radio communication equipment according to
claim 1, characterized in that the phase detection
circuit (104) further includes a delay line (104-4) con-
figured to delay the second transmitting signal from
the second transmitting circuit (104-1) to the antenna
(101), and delay the antenna (101) reflection signal
from the antenna (101) to the receiving circuit
(104-2); and

a circulator (104-3) configured to circulate the de-
layed antenna (101) reflection signal to the receiving
circuit (104-2), and circulate the second transmitting
signal from the second transmitting circuit (104-1) to
the delay line (104-4) and the receiving circuit
(104-2).

The radio communication equipment according to
claim 1, characterized in that the first transmitting
signal has a first frequency, the second transmitting
signal has a first phase and a second frequency, and
the radio communication equipment further compris-
es a filter circuit configured to pass the first and sec-
ond transmitting signal to the antenna (101) and the
antenna (101) reflection signal to the phase detec-
tion circuit (104), respectively, and prevent the an-
tenna (101) reflection signal from being transferred
to the first transmitting circuit (105).

A method of adjusting a variable impedance in an
impedance matching circuit (102) connected to an
antenna (101),

characterized by comprising:

supplying an electric power to afirst transmitting
circuit (105) to generate afirst transmitting signal
and supplying the first transmitting signal to the
antenna (101) through the impedance matching
circuit (102) and communicating with the anoth-
er communication equipment;

detecting the electric power supplied to the first
transmitting circuit (105) and generate a power
detection signal;

detecting an antenna reflection signal having a
phase, whichis returned fromthe antenna (101);
and

setting the variable impedance of an impedance
matching circuit (102) depending on the power
detection signal, in order to match the antenna
(101) with the first transmitting circuit (105):
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characterized in that

the setting the variable impedance includes
generating a second transmitting signal having
a first phase by means of a second transmitting
circuit (104-1), and supply the second transmit-
ting signal to the antenna (101) which generates
an antenna (101) reflection signal having a sec-
ond phase depending on the second transmit-
ting signal;

receiving the second transmitting signal and the
antenna reflection signal;

detecting a phase-difference between the first
and second phases to generate a phase detec-
tion signal, and

controlling the variable impedance depending
on the phase detection signal in addition to the
power detection signal.

Patentanspriiche

1.

Ein Gerat zur Funkkommunikation, umfassend:

ein Netzteil (107), dazu ausgebildet, eine elek-
trische Leistung zuzufiuhren;

ein erster Ubertragungsschaltkreis (105), dazu
ausgebildet, ein erstes Ubertragungssignal zum
Kommunizieren mit den anderen Kommunikati-
onsgeraten zu erzeugen, welcher Schaltkreis
von dem Netzteil (107) versorgt bzw. energeti-
siert wird;

einen Leistungsdetektionsschaltkreis (106), da-
zu ausgebildet, die an den ersten Ubertragungs-
schaltkreis (105) zugefiihrte elektrische Lei-
stung zu detektieren und ein Leistungsdetekti-
onssignal zu erzeugen;

eine Antenne (101) mit einer Antennenimpe-
danz, der das erste Ubertragungssignal zuge-
fuhrt wird und die ein Antennenreflexionssignal
mit einer bestimmten Phase in Abhangigkeitvon
dem ersten Ubertragungssignal abhangt, er-
zeugt;

einen Impedanzanpassungsschaltkreis (102)
mit einer variablen Impedanz, dazu ausgebildet,
die variable Impedanz anzupassen, um die An-
tenne (101) an den ersten Ubertragungsschalt-
kreis (105) anzupassen; und

ein Steuerungsschaltkreis (108), dazu ausgebil-
det, den Impedanzanpassungsschaltkreis (102)
zu steuern, um die von dem Leistungsdetekti-
onssignal abhangende, variable Impedanz ein-
zustellen;

dadurch gekennzeichnet, dass das Funkkommu-
nikationsgeréat ferner umfasst:

einen Phasendetektionsschaltkreis (104), dazu
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ausgebildet, ein Phasendetektionssignal zu er-
zeugen, wobei der Phasendetektionsschalt-
kreis (104) einen zweiten Ubertragungsschalt-
kreis (104-1) umfasst, dazu ausgebildet, ein
zweites Ubertragungssignal mit einer ersten
Phase zu erzeugen und das zweite Ubertra-
gungssignal der Antenne (101) zuzufuhren, wo-
bei die Antenne (101) ein Antennen (101) -Re-
flexionssignal mit einer von dem zweiten Uber-
tragungssignal abhangenden, zweiten Phase
erzeugt, und

einen Empfangsschaltkreis (104-2), dazu aus-
gebildet, das zweite Ubertragungssignal von
dem zweiten Ubertragungsschaltkreis (104-1)
und das Antennenreflexionssignal von der An-
tenne (101) zu empfangen und eine Phasendif-
ferenz zwischen der ersten und zweiten Phase
zu detektieren, um das Phasendetektionssignal
zu erzeugen; und

wobei der Steuerungsschaltkreis (108) dazu
ausgebildet ist, den Impedanzanpassungs-
schaltkreis (102) zu steuern, um die von dem
Phasendetektionssignal abhéngende variable
Impedanz zusatzlich zu dem Leistungsdetekti-
onssignal einzustellen.

Das Funkkommunikationsgerat nach Anspruch 1,
dadurch gekennzeichnet, dass das Funkkommu-
nikationsgeréat ferner umfasst: einen Auswahlschalt-
kreis (103), dazu ausgebildet, einen der Phasende-
tektionsschaltkreise (104) und den ersten Ubertra-
gungsschaltkreis (105) auszuwéhlen und den aus-
gewahlten einen der Phasendetektionsschaltkreise
(104) und den ersten Ubertragungsschaltkreis (105)
mit der Antenne (101) zu verbinden, und wobei der
Steuerungsschaltkreis (108) dazu ausgebildet ist,
den Auswahlschaltkreis (103) zu steuern, um das
Phasendetektionssignal und das Leistungsdetekti-
onssignal zu empfangen.

Das Funkkommunikationsgerat nach Anspruch 2,
dadurch gekennzeichnet, dass der Steuerungs-
schaltkreis (108) dazu ausgebildet ist, ein erstes und
zweites Auswahlsignal zu erzeugen und das erste
und zweite Auswahlisignal dem Auswabhlschaltkreis
(103) zuzufuihren, wobei der Auswahlschaltkreis
(103) dazu ausgebildet ist, die Antenne (101) mit
dem Phasendetektionsschaltkreis (104) in Antwort
auf das erste Auswahlsignal zu verbinden und die
Antenne (101) mit dem Ubertragungsschaltkreis
(105, 104-1) in Antwort auf das zweite Signal zu ver-
binden.

Das Funkkommunikationsgerat nach Anspruch 1,
dadurch gekennzeichnet, dass der Steuerungs-
schaltkreis (108) dazu ausgebildet ist, ein Referenz-
phasensignal und ein Referenzleistungssignal zu
speichern und die Impedanz des Impedanzanpas-
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sungsschaltkreises (102) in Ubereinstimmung mit
dem Vergleich zwischen dem Phasendetektionssi-
gnal und dem Referenzphasensignal sowie zwi-
schen dem Leistungsdetektionssignal und dem Re-
ferenzleistungssignal einzustellen.

Das Funkkommunikationsgerat nach Anspruch 3,
dadurch gekennzeichnet, dass der Steuerungs-
schaltkreis (108) dazu ausgebildet ist, ein Verfahren
zum Einstellen des Impedanzanpassungsschalt-
kreises (102) in Abh&ngigkeit von dem Vergleich zwi-
schen dem Phasendetektionssignal und dem Refe-
renzphasensignal zu bestimmen, und das Lei-
stungsdetektionssignal mit dem Referenzleistungs-
signal zu vergleichen, um die variable Impedanz in
dem Impedanzanpassungsschaltkreis (102) einzu-
stellen.

Das Funkkommunikationsgerat nach Anspruch 5,
dadurch gekennzeichnet, dass das Einstellver-
fahren einem aus dem VergréR3ern und Verkleinern
der variablen Impedanz entspricht.

Das Funkkommunikationsgerat nach Anspruch 1,
dadurch gekennzeichnet, dass es ferner eine mit
der Antenne (101) verbundene, zweite Antenne
(101-2) umfasst, wobei die erste und zweite Antenne
(101, 101-2) elektromagnetisch miteinander gekop-
pelt sind.

Das Funkkommunikationsgerat nach Anspruch 1,
dadurch gekennzeichnet, dass der Phasendetek-
tionsschaltkreis (104) ferner umfasst: eine Verzoge-
rungsleitung (104-4), dazu ausgebildet, das zweite
Ubertragungssignal von dem zweiten Ubertra-
gungsschaltkreis (104-1) an die Antenne (101) zu
verzégern und das Antennen(101)-Reflexionssignal
von der Antenne (101) zu dem Empfangsschaltkreis
(104-2) zu verzogern; und einen Zirkulator (104-3),
dazu ausgebildet, das verzdgerte Antennen
(101)-Rreflexionssignal zu dem Empfangsschalt-
kreis (104-2) zu zirkulieren und das zweite Ubertra-
gungssignal von dem zweiten Ubertragungsschalt-
kreis (104-1) zu der Verzdgerungsleitung (104-4)
und dem Empfangsschaltkreis (104-2) zu zirkulie-
ren.

Das Funkkommunikationsgerat nach Anspruch 1,
dadurch gekennzeichnet, dass das erste Ubertra-
gungssignal eine , erste Frequenz aufweist, das
zweite Ubertragungssignal eine erste Phase und ei-
ne zweite Frequenz aufweist, und dass das Funk-
kommunikationsgerat ferner umfasst: einen Filter-
schaltkreis, dazu ausgebildet, das erste und zweite
Ubertragungssignal jeweils an die Antenne (101)
und das Antennen(101)-Reflexionssignal an den-
Phasendetektionsschaltkreis (104) zu ubertragen
und zu verhindern, dass das Antennen(101)-Refle-
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xionssignal an den ersten Ubertragungsschaltkreis
(105) uberfihrt wird.

Ein Verfahren zum Einstellen einer variablen Impe-
danz in einem mit einer Antenne (101) verbundenen
Impedanzanpassungsschaltkreis (102), dadurch
gekennzeichnet, dass es folgende Schritte um-
fasst:

Zufuihren einer elektrischen Leistung zu einem
ersten Ubertragungsschaltkreis (105), um ein
erstes Ubertragungssignal zu erzeugen, und
Zufiihren des ersten Ubertragungssignals an
die Antenne (101), durch den Impedanzanpas-
sungsschaltkreis (102) und

Kommunizieren mit dem anderen Kommunika-
tionsgerat; Detektieren der an den ersten Uber-
tragungsschaltkreis (105) zugefuhrten, elektri-
schen Leistung und Erzeugen eines Leistuhgs-
detektionssignals;

Detektieren eines Antennenreflexionssignals,
das eine Phase aufweist und das von der An-
tenne (101) zuruckgegeben wird; und
Einstellen der variablen Impedanz eines Impe-
danzanpassungsschaltkreises (102) in Abhé&n-
gigkeit von dem Leistungsdetektionssignal, um
die Antenne (101) an den ersten Ubertragungs-
schaltkreis (105) anzupassen:

dadurch gekennzeichnet, dass das Einstellen der
variablen Impedanz umfasst:

Erzeugen eines zweiten Ubertragungssignals
mit einer ersten Phase vermittels eines zweiten
Ubertragungsschaltkreises (104-1) und Zufiih-
ren des zweiten Ubertragungssignals an die An-
tenne (101), die ein Antennen(101)-Reflexions-
signal mit einer von dem zweiten Ubertragungs-
signal abhangenden, zweiten Phase erzeugt;
Empfangen des zweiten Ubertragungssignals
und des Antennenreflexionssignals;
Detektieren einer Phasendifferenz zwischen
der ersten und zweiten Phase, um ein Phasen-
detektionssignal zu erzeugen, und

Steuern der variablen Impedanz in Abhangigkeit
von dem Phasendetektionssignal zusatzlich zu
dem Leistungsdetektionssignal.

Revendications

1.

Equipement de communication radio comprenant :

une alimentation (107) configurée pour appli-
guer une puissance électrique ;

un premier circuit d'émission (105) configuré
pour générer un premier signal d'émission pour
communiquer avec un autre équipement de
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communication, lequel estalimenté par I'alimen-
tation (107) ;

un circuit de détection de puissance (106) con-
figuré pour détecter la puissance électrique ap-
pliqguée sur le premier circuit d’émission (105)
et pour générer un signal de détection de
puissance ;

une antenne (101) présentant une impédance
d'antenne sur laquelle le premier signal d’émis-
sion est appliqué et qui génére un signal de ré-
flexion d’antenne présentant une certaine phase
qui dépend du premier signal d’émission ;

un circuit d’adaptation d’'impédance (102) qui
présente une impédance variable, configuré
pour régler I'impédance variable de maniere a
adapter I'antenne (101) vis-a-vis du premier cir-
cuit d’émission (105) ; et

un circuit de commande (108) configuré pour
commander le circuit d’adaptation d’impédance
(102) pour établir I'impédance variable en fonc-
tion du signal de détection de puissance,

caractérisé en ce que I'équipement de communi-
cation radio comprend en outre :

un circuit de détection de phase (104) configuré
pour générer un signal de détection de phase,
le circuit de détection de phase (104) incluant :

un second circuit d’émission (104-1) confi-
guré pour générer un second signal d’émis-
sion présentant une premiére phase et pour
appliquer le second signal d’émission sur
lantenne (101), I'antenne (101) générant
un signal de réflexion d’antenne présentant
une seconde phase en fonction du second
signal d’émission ; et

un circuit de réception (104-2) configuré
pour recevoir le second signal d’émission
en provenance du second circuit d’émission
(104-1) et le signal de réflexion d’antenne
en provenance de I'antenne (101) et pour
détecter une différence de phase entre les
premiere et seconde phases afin de géné-
rer le signal de détection de phase ; et

le circuit de commande (108) est configuré
pour commander le circuit d’adaptation
d’'impédance (102) afin d'établir 'impédan-
ce variable en fonction du signal de détec-
tion de phase en plus du signal de détection
de puissance.

Equipement de communication radio selon la reven-
dication 1, caractérisé en ce que I'équipement de
communication radio comprend en outre un circuit
de sélection (103) configuré pour sélectionner soit
le circuit de détection de phase (104), soit le premier
circuit d'émission (105) et pour connecter le circuit
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sélectionné pris parmi le circuit de détection de pha-
se (104) et le premier circuit d’émission (105) a I'an-
tenne (101), et le circuit de commande (108) est con-
figuré pour commander le circuit de sélection (103)
pour recevoir le signal de détection de phase et le
signal de détection de puissance.

Equipement de communication radio selon lareven-
dication 2, caractérisé en ce que le circuit de com-
mande (108) est configuré pour générer les premier
et second signaux de sélection et pour appliquer les
premier et second signaux de sélection sur le circuit
de sélection (103), le circuit de sélection (103) étant
configuré pour connecter I'antenne (101) au circuit
de détection de phase (104) en réponse au premier
signal de sélection et pour connecter I'antenne (101)
au circuit d’émission (105, 104-1) en réponse au se-
cond signal.

Equipement de communication radio selon la reven-
dication 1, caractérisé en ce que le circuit de com-
mande (108) est configuré pour stocker un signal de
phase de référence et un signal de puissance de
référence et pour régler I'impédance du circuit
d’adaptation d'impédance (102) conformément a la
comparaison entre le signal de détection de phase
et le signal de phase de référence ainsi qu’entre le
signal de détection de puissance et le signal de puis-
sance de référence.

Equipement de communication radio selon la reven-
dication 3, caractérisé en ce que le circuit de com-
mande (108) est configuré pour déterminer un pro-
cédé de réglage du circuit d'adaptation d'impédance
(102) en fonction de la comparaison entre le signal
de détection de phase et le signal de phase de ré-
férence et pour comparer le signal de détection de
puissance avec le signal de puissance de référence
afin d’'établir I'impédance variable dans le circuit
d’adaptation d'impédance (102).

Equipement de communication radio selon la reven-
dication 5, caractérisé en ce que le procédé de
réglage correspond a soit une augmentation, soit
une diminution de I'impédance variable.

Equipement de communication radio selon la reven-
dication 1, caractérisé en ce qu’ il comprend en
outre une seconde antenne (101-2) connectée a
I'antenne (101), les premiere et seconde antennes
(101, 101-2) étant couplées électromagnétiquement
l'une a l'autre.

Equipement de communication radio selon la reven-
dication 1, caractérisé en ce que le circuit de dé-
tection de phase (104) inclut en outre une ligne de
retard (104-4) qui est configurée pour retarder le se-
cond signal d’émission depuis le second circuit
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10.

20

d’émission (104-1) jusqu’a I'antenne (101) et pour
retarder le signal de réflexion d’antenne (101) depuis
'antenne (101) jusqu’au circuit de réception
(104-2) ; et

un circulateur (104-3) configuré pour faire circuler le
signal de réflexion d’antenne (101) retardé jusqu’au
circuit de réception (104-2) et pour faire circuler le
second signal d’émission depuis le second circuit
d’émission (104-1) jusqu’a la ligne de retard (104-4)
et jusqu’au circuit de réception (104-2).

Equipement de communication radio selon la reven-
dication 1, caractérisé en ce que le premier signal
d’émission présente une premiére fréquence, le se-
cond signal d’émission présente une premiére pha-
se et une seconde fréquence et I'équipement de
communication radio comprend en outre un circuit
de filtre configuré pour faire passer les premier et
second signaux d’émission a I'antenne (101) et le
signal de réflexion d’antenne (101) au circuit de dé-
tection de phase (104), de facon respective, et pour
empécher que le signal de réflexion d’antenne (101)
ne soit transféré sur le premier circuit d’émission
(105).

Procédé de réglage d'une impédance variable dans
un circuit d’adaptation d’'impédance (102) connecté
a une antenne (101), caractérisé en ce qu’ |l
comprend :

I'application d’'une puissance électrique sur un
premier circuit d’émission (105) pour générer un
premier signal d’émission et - I'application du
premier signal d’émission sur I'antenne (101)
par l'intermédiaire du circuit d’adaptation d'im-
pédance (102) et la communication avec un
autre équipement de communication ;

la détection de la puissance électrique appli-
guée sur le premier circuit d’émission (105) et
la génération d'un signal de détection de
puissance ;

la détection d'un signal de réflexion d'antenne
présentantune phase, lequel signal estretourné
depuis I'antenne (101) ; et

le réglage de l'impédance variable d’'un circuit
d’adaptation d'impédance (102) en fonction du
signal de détection de puissance afin d’adapter
'antenne (101) vis-a-vis du premier circuit
d’émission (105),

caractérisé en ce que
le réglage de I'impédance variable inclut :
la génération d’'un second signal d’émission
présentant une premiére phase au moyen

d’'un second circuit d’émission (104-1) et
I'application du second signal d’émission
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sur 'antenne (101) qui génére un signal de
réflexion d'antenne (101) présentant une
seconde phase en fonction du second si-
gnal d’émission ;

la réception du second signal d’émission et
du signal de réflexion d’antenne ;

la détection d’une différence de phase entre
les premiére et seconde phases afin de gé-
nérer un signal de détection de phase ; et

la commande de l'impédance variable en
fonction du signal de détection de phase en
plus du signal de détection de puissance.
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